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The tracers are organic or inorganic compounds that emit fluorescence with characteristic spectral signatures when excited by UV radiation. Carefully selected tracers (dyes/pigments) incorporated in plastics, at ppm concentrations and in binary combinations, provide superimposed but individually identifiable fluorescence fingerprint. Therefore different tracers will provide (2n -I) numbers of dopants for tagging different types/grades of plastics.The principle of this optical identificarendy gammg more popularity2, One such system developed by Buhler ltd. (Switzerland), records pre-selected spectral components of the infrared reflection spectra in the range 1650-1830nm from plastic articles. Positive identification results upon comparison with the stored data of some selected polymers. The system is quoted to have the ability to sort PE, PP, PVC, PS and PET quite effectively. The system, however, lacks versatility, for example, it can not sort different grades of PE and is subject to confusion if polymers have unquantified additives or surface contamination such as water. The idea of tagging plastics with fluorescence tracers has been considered by some researchers including the authors independently2,4. Among many emerging concepts of methodologies for plastic sorting only a few have so far been implemented for commercial applications with varying degrees of success. For example, separation by flotation in the flake form of the plastic, according to its density, has been achieved only for polyolefins I. Separation of PET from PVC in the flake forms using induced electrostatic charge has been commercialised. The x-ray fluorescence technique is finding wide spread application in the separation of PVC and PVDC plastics. Systems based on infra-red reflection/absorption technology are cur- 
Tracer based identification concept

Figure I Scheme for optical identification ofplastics doped with tracers in binary combinations
Plastic industries are currently under pressure from government legislation and environmental lobbies to recycle commodities and components after the end of their useful lives (EOL). The same applies to other industry sectors such as textile, tannery, paper and pulp etc. The emphasis has also been put on recycling of waste products at the end of the production line and real-time monitoring for on-line process/quality control to reduce waste and enable safe disposal of waste in the environment. The technical challenge in realising these objectives is the cost-effective automatic monitoring/identification and subsequent segregation of components in a mixed waste stream. A consortium of six European partners addressed the above challenge based on tracer doping and optical detection. Although the project was focused on
. Laboratory test/industrial trial cost-effectiveness, an electro-optics sensor system was designed and built. The system, as a whole unit, measures 0.5m(w) x OAm(h) x OAm(d) and weighs approximately 22 kg and comprises of the components shown in Figure 3 . An Hg-Xe (50 watts) excitation source with specially designed optical filter and telescope assemblies provide a near parallel beam in the 310-370nm band. Multichannel wavelength-selective photodetection systems, incorporating telescope unit for signal collection and tracer-selective interference filters select and provide electrical signals. Data sampling from moving targets (voting), analogue to digital conversion, data normalisation and storage in memory arrays (ballot boxes) are carried out by fast digital electronic circuitry and finally, for positive identification by a pre-set voting protocol, including time synchronisation through position sensing, is carried out through specially developed computer algorithm. 
Fluorosensor design scheme
with polar and non-polar plastic materials, chemically and photophysically non-interacting with each other or with host environment. These should have high UV (weathering) and heat (processing) stability and low toxicity and migration (in plastics). In addition to these, they must have strong absorbance in a specified near-UV band, high quantum yield of fluorescence with distinguishable signatures in binary combination as demonstrated in figure 2. 
Tracer selection criteria
The selection of tracers demanded extensive chemical, physical and spectroscopic analysis of more than 60 commercial organic and inorganic dyes/pigments (tracers) from different companies in Europe. Tests also included chemical modification of tracer molecules, the effect of accelerated weathering, migration in polar and non-polar plastics etc. The conditions need to be satisfied by the selected tracers are as follows.
The tracers need to be compatible
Figure 2 Fluorescence signatures oftwo tracers individually and in combination
The performance of the sensor in sorting tracer doped plastic bottles/containers of various sizes was tested using a laboratory model conveyor and singulation system (at RMCS) and an industrial plant (at Community Recycling Facility, Sompting, South Coast of England). The observations are as follows:
* At a data-sampling rate of 4 kHz, approximately 360 data samples (votes) per bottle (0.3m effective size) were obtained at a line speed of 3.5 m/sec. The sampling speed could be greatly improved with faster electronic processors.
* Sorting purity depends on the line speed and the effective size of the articles and was found to be9 5% for 0.3m size bottles and at a line speed of 3.5 m/sec. The singulation and mechanical blow performance irregularities at higher conveyor speeds limited the purity level. 
Advantages of the tracer based system
The system offers cost-effective and 
Industrial applications
Although the present research was focused on domestic waste plastics the technology could equally be applicable to sorting of discarded plastic components of automotive, electronic, electrical, domestic and industrial durables, toys etc. In addition to that the technology, with minor modifications, could be applied to sorting industrial waste in industries such as textile, tannery, pharmaceutical etc. for recovery and reuse. Another potential application is in the real time monitoring of water quality for process/quality control.
